Airway remodeling in asthma has been recognized as structural changes of airways such as smooth muscle hypertrophy (an increase in size of airway smooth muscle cells) and hyperplasia (an increase in the number of airway smooth muscle cells), thickening and fibrosis of sub-epithelial basement membrane, hypertrophy of bronchial glands, goblet cell hyperplasia, and thickening of airway epithelium. In these pathological changes, airway smooth muscle remodeling has been recognized as one of the most important factors related to in vitro and in vitro airway responsiveness and the severity of asthma. Both hypertrophy and hyperplasia have been shown in asthmatic airways by morphometrical analyses, although there is a wide variation in the contribution of each mechanism in each patient. Such changes could also be recognized as a phenotypic modulation of airway smooth muscle. On the background of airway smooth muscle remodeling, the existence of several contributing factors, such as inflammatory mediators, growth factors, cytokines, extra-cellular matrix proteins, and genetic factors have been suggested. On the other hand, recent studies revealed that airway smooth muscle could also be a source of inflammatory mediators promoting airway inflammation. In this article, the recent understanding in the mechanisms of airway smooth muscle remodeling in asthma, its relations to airway inflammation and airway physiology, and possible usefulness of early intervention with inhaled glucocorticoids have been discussed.
INTRODUCTION
Asthma is a syndrome characterized by the presence of two physiological characteristics, reversible airflow limitation and airway hyperresponsiveness. However, recent advance in asthma research revealed the importance of airway inflammation existed behind these physiological characteristics. According to such progress in the concept of asthma, the strategies of the treatment have changed dramatically, and the importance of anti-inflammatory therapy with inhaled glucocorticoids has been recognized . Such concept has been reflected to the guidelines for asthma diagnosis and management including Japanese Guideline for Asthma. 1, 2 The pronounced improvement in asthma control and quality of life of the patients, and a dramatic reduction in the number of emergency room visit and asthma death have been achieved. In these situations , concerns of the pulmonary physicians have been focused more on the patients with severe intractable asthma. These patients have continuous symptoms, irreversible airflow limitation, and resistance to anti-inflammatory treatment with inhaled glucocorticoids . Airway remodeling , recognized as structural changes of airways produced by continuous airway inflammation, is speculated to be one of the most important causes for such severe intractable asthma. In this article , the recent understanding in the mechanisms of airway smooth muscle remodeling , and its relations to airway inflammation and physiology have been discussed. Large scale epidemiological study by Lange and associates revealed that the annual decline in FEV1 in asthma and non-asthma were 38 ml! year and 22 ml! year, respectively, and asthmatics had additional 16 ml! year over-decline in FEV1. 5 Similar enhanced annual decline in FEV1 was also observed in relatively large-scale surveys , such as Busselton Health Surveys reported by James and associates and the survey by Apostol and associates. 3, 4 Such accelerated decline is also reported for the subjects with airway hyperresponsiveness by Rijcken and associates . 6 The subjects with airway hyperresponsiveness were revealed to have additional 12 ml! year over-decline in FEV1 compared to those without airway hyperresponsiveness. Several studies including ours also demonstrated that, in asthmatic patients, there is a significant negative correlation between the duration of their disease and % predicted FEV1 measured during stable phase or after inhalation of bronchodilators , but no significant correlation could be observed between % predicted FEV1 and the age of the patients. 7 These finding suggest that the events continuing in asthmatic airways may promote their airflow limitation irreversible, and become critical factors for severe and intractable asthma.
AIRWAY SMOOTH MUSCLE REMODELING IN ASTHMA
Pathologists have long recognized that there are significant pathological changes in asthmatic airways , such as airway smooth muscle hyperplasia and hypertrophy , thickening and fibrosis of sub-epithelial basement membrane , hypertrophy of bronchial glands, goblet cell hyperplasia, and thickening of airway epithelium. In these pathological changes , airway smooth muscle remodeling has been recognized as one of the most important factors related to in vitro airway responsiveness and the severity of asthma . These changes have been reported not only in severe asthmatics but also in mild and moderate asthmatics. In our previous studies for autopsied or operated lungs of the patients with asthma showed that the airway epithelial thickness was doubled and airway smooth muscle thickness was tripled in asthmatics when compared to controls. 8 Such pathological alterations were observed even in young or mild asthmatic subjects. The recent study by Niimi and associates revealed that even in patients with cough variant asthma , possible early manifestation of bronchial asthma, airway remodeling recognized as a thickening of airway wall by high-resolution computer tomography could be observed . 9 In addition , the appearance of airway remodeling has been confirmed even in children with bronchial asthma. 10 These findings suggest that airway remodeling is a relatively common phenomenon observed widely in patients with asthma, and may have significant importance in clinical outcome of the patients.
The most prominent pathological change of airway smooth muscle in asthmatic is an increase in smooth muscle mass. Such change could be induced by several mechanisms. Hypertrophy (an increase in size of airway smooth muscle cells) and hyperplasia (an increase in the number of airway smooth muscle cells) are well known mechanisms . However , there is a wide variation in the contribution of each mechanism in each patient. Ebina and associates preformed 3-D morphometry of airway muscle cells on serial sections of autopsied lungs from 10 asthmatic patients. 11 They are consisted with 5 cases of type I (thickened muscles is found only in the central bronchi) and 5 cases of type II (thickened muscles is found over the whole airway tree) asthmatic lungs as defined in their earlier study. 12 In type I asthmatics, smooth muscle cell hyperplasia was observed in the larger bronchi without hypertrophy. In contrast, in type II asthmatics , smooth muscle cell hypertrophy was observed over the whole airway and hyperplasia was mild and localized only in the bronchi. It has not been clarified whether these differences affect clinical features of the patients . In addition , there are still debates in whether there is an enhancement of smooth muscle proliferation in asthmatic airways. This question is of physiological importance since it might be related to phenotypic modulation of airway smooth muscle. [13] [14] [15] The relation between increase in airway smooth muscle mass and the duration of asthma has also been recognized. Bai and associates compared the size of airway smooth muscle mass in autopsy specimen obtained from young (17 23 yr) and relatively aged (40 49 yr) subjects. Smooth muscle area in both asthma groups was greater than that in age-matched control subjects. But, in relatively old individuals it was 4-fold increase , and in young individuals it was 2-fold increase compared with age-matched controls . 16 The increase in extra-cellular matrix proteins may also increase airway smooth muscle mass. 17, 18 The increase in connective tissue matrix could be observed both within muscle bundles and around individual cells . Additional interesting observation is the presence of mast cells in asthmatic airway smooth muscle bundles. Brightling and associates examined pathological differences of airways between asthma and eosinophililc bronchitis, and observed substantially higher number of tryptase-positive mast cells in the smooth muscle bundles from asthmatic airways compared to that from subjects with eosinophilic bronchitis. 19 This finding suggests that the infiltration of airway smooth muscle by mast cells is associated with the disordered airway functions found in asthma. In consecutive study, they revealed that IL-4 and IL-13 may play an important role in this mast cell-airway smooth muscle interactions. 20 
AIRWAY SMOOTH MUSCLE REMODELING AND AIRWAY PHYSIOLOGY IN VIVO AND IN VITRO AIRWAY RESPONSIVE-NESS IN ASTHMA
Airway hyper-responsiveness is one of the major characteristics of asthma. Clinically, it can be demonstrated by measuring FEV1 or airway resistance after inhalation of incremental dose of non-specific airway smooth muscle constrictor , such as acetylcholine , methacholine, and histamine. It seems not difficult to connect airway smooth muscle remodeling and airway hyperresponsiveness in asthma. The increased airway wall area including smooth muscle mass may directly cause excess airways narrowing of asthma. James and associates showed this mechanism elegantly using a computer model and real airway dimensional data obtained from asthmatic and control airways . 10 The airway wall area in asthmatics is greater than non-asthmatic airways, and the airway smooth muscle shortening required to occlude the lumen was less in asthmatic than non-asthmatic airways. An increased mass of airway smooth muscle bundle, demonstrated as airway smooth muscle hypertrophy or hyperplasia, may increase the force generated during airway contraction. In smooth muscle hyperplasia , increased number of smooth muscle cells may cause parallel increase in contractile filaments. In hypertrophic smooth muscle, there might be an increase in intracellular contractile filaments . These could increase the smooth muscle force to contract the airway and to reduce airway caliber.
However, there is a fair amount of debate whether airway responses to inhaled smooth muscle constrictors in vivo is correlated with airway smooth muscle responsiveness in vitro. In subjects without lung diseases, no significant correlation is observed between in vitro airway responsiveness and in vivo airway smooth muscle responsiveness . [21] [22] [23] There are only few studies in which enhanced contractile responses of airway smooth muscle from asthmatics compared to non-asthmatic airway smooth muscle was confirmed. De Jongste and associates examined the responses of isolated human airways obtained from a single asthmatic patient and compared to the responses of airways from 10 non-asthmatic subjects in vitro. Asthmatic bronchiolar strips exhibited increased contractile responses to histamine , methacholine and leukotriene-C4, and relaxed normally in response to l-isoprenaline and forskolin. 24 Bai and associates also examined in vitro responsiveness of tracheal smooth muscle obtained from 10 asthmatics and 34 non-asthmatic controls, and observed significant increase in maximum contraction induced by electrical field stimulation and contractile agonists , and also revealed disturbed relaxation responses to isoproterenol and theophylline . 25 However , other studies failed to show the difference in contractile responses of asthmatic airway smooth muscle. Cerrina and associates examined correlation between excised human airway smooth muscle responsiveness in vitro and in vivo airway responsiveness to histamine in 19 subjects including 5 patients with asthma and 7 patients with COPD. Although they could not observe a significant correlation between in vivo and in vitro responsiveness to histamine , there was a significant negative correlation between in vivo histamine responsiveness to in vitro airway smooth muscle responsiveness to isoproterenol. 26 Same trends, no correlation in contractile characteristics but negative correlation to relaxation responses, are also recognized in other studies. 27 To summarize the results of above studies , it seems reasonable to estimate that asthmatic airway smooth muscle has abnormalities in relaxation response rather than contractile response . The reduced relaxation responses to isoproterenol and theophylline seems to be important in relation to increased plasticity of airway smooth muscle in asthmatics. 28 It is speculated that the increased plasticity might be related to the lack of airway dilatation after deep inspiration, the most prominent characteristics of asthmatic airways. 29 However, it is still possible to explain the lack of in vivo and in vitro correlation in contractile responses in other ways. First example is for the measurement system itself . In above studies isometric tension measurements were applied . The claim is that isometric properties of airway smooth muscle relate to the stiffness of the airway wall and its role in regulating resistance is minor. In this aspect, it may not be able to show the difference in smooth muscle contractility without applying isotonic length measurements. Actually, Ma and associates demonstrated statistically significant increases in maximum shortening capacity and velocity of airway smooth muscle cells from asthmatics compared those from normal subjects . 30 Another possible explanation is an increase in elastic lord of asthmatic airways . Airway wall fibrosis, including sub-epithelial fibrosis and an increase in matrix proteins in and around airway smooth muscle, may act as an elastic overlord for airway smooth muscle to reduce airway caliber. 10 This phenomenon has been demonstrated to be true by Niimi and associates. They measured the airway wall thickness by high-resolution computer tomography and in vivo methacholine airway responsiveness in asthmatics. There are a significant negative correlation between airway wall thickness and methacholine airway responsiveness, suggesting that thickened fibrous airways are hard to be compressed. 31 
PHENOTYPIC MODULATION OF AIRWAY SMOOTH MUSCLE
When considering in vivo airway hyperresponsiveness, it may also involve reversible phenotypic modulation. Now, three smooth muscle phenotypes have been recognized : contractile , synthetic and hypercontractile phenotypes . Contractile cells , characterized by a high density of contractile proteins including smooth muscle α-actin and myosin heavy chains (MHC) and a few cytoskeletal proteins including nonmuscle-MHC and vimentin, are mitotically quiescent and retain their ability to contract in response to spasmogens. Synthetic cells, with a low density of contractile proteins and high fraction of cytoskeletal proteins, are mitotically active and may lose their ability to contract. 32 These cells may have additional functions such as production and release of proinflammatory mediators and extra-cellular matrix element described in later section . Hyper-contractile cells are obtained by prolonged withdrawal of serum from primary cultures of confluent canine tracheal smooth muscle . 33 The content of smooth muscle myosin light chain kinase in these cells are increased 30 fold, and they shorten faster and to a greater extent. 33, 34 Whether such phenotypic modulation happens during remodeling of airway smooth muscle in asthma has not been clarified yet. However, our preliminary data suggest possible existence of such phenotypic modulation . Immuno-histochemical staining of airway smooth muscle with antibodies for different MHC isoforms revealed that the expression of nonmuscle (embryonic) type of MHC isoform is significantly enhanced in asthmatic airway smooth muscle compared to control ( unpublished data ) . Woodruff and associates reported that there is a proliferation of smooth muscle in asthmatic airways, but they could not observe the phenotypic modulation of smooth muscle to hyper-contractile phenotype . 13 The existence of such phenotypic modulation may make things more complicated, since the co-appearance of synthetic as well as hyper-contractile phenotypes may result the overall effect of increasing, decreasing, or causing no change in airway smooth muscle contractility despite an increase in airway wall smooth muscle content.
MECHANISMS OF AIRWAY SMOOTH MUS-CLE REMODELING

GENETIC BACKGROUND OF AIRWAY REMOD-ELING
Some pulmonary physicians may have recognized that there is a large intra-individual variation of airway remodeling in asthma. Recent work by Roth and associates revealed that there might be an intrinsic abnormality in asthmatic airway smooth muscle. They demonstrated the enhanced proliferation of bronchial smooth-muscle cells derived from subjects with asthma and the failure of glucocorticoids to inhibit proliferation of these cells in vitro, possibly explained by a cell-type-specific absence of C! EBPalpha. 35 Recently , final results of several large scale positional cloning for asthma susceptibility genes have been reported, and now we have 4 possible asthma susceptibility genes. [36] [37] [38] [39] Interestingly , some of these genes are not expressed in immune regulatory cells such as lymphocytes but are expressed mainly in airway structural cells such as airway smooth muscle , epithelium, and fibroblast. One of which is ADAM33, a family member of proteases known as the ADAM superfamily. 36 High-level expression of ADAM33 is observed in airway smooth muscles and fibroblasts and suggests possible roles in airway remodeling in patients with asthma. The ADAM33 levels in bronchoalveolar lavage fluid ( BALF ) were increased significantly in patients with asthma, and they correlate inversely with the %predicted FEV1, suggesting their relation to the asthma severity. 40 Van Diemen and associates recently demonstrated in the general population that polymorphisms in ADAM33 gene are associated with accelerated decline in FEV1. 41 Another gene is a GPRA , which belongs to the G proteincoupled receptor family (GPCRs). GPRA is also expressed mainly in airway epithelium and smooth muscle , and is speculated to have some relation to airway remodeling. 39 
AIRWAY
INFLAMMATION AND AIRWAY SMOOTH MUSCLE REMODELING
Recently, tight interaction between airway inflammation and airway remodeling has been recognized . Many inflammatory mediators are increased in asthmatic lung and some of them are inducers of airway smooth muscle proliferation (Table 1) . These mediators include growth factors, inflammatory mediators, contractile agonists, cytokines, and extra-cellular matrix proteins. 42 For the growth factors, there has been a controversy whether the expression of growth factors and their receptors are enhanced in asthmatic airways. In early studies , for platelet derived growth factor ( PDGF ) an insulin like growth factor ( IGF ) , their over-expression or increased levels in BALF were not observed in asthmatics . [43] [44] [45] In addition , although there was an increased expression of PDGF-mRNA in asthmatic airways, PDGF receptor protein expression was not observed by immunohistochemical staining. 44 Increased PDGF-mRNA expression seemed due to the effect of corticosteroid used in the asthmatic patients. 44 On the other hand, there is an enhanced expression of epidermal growth factor (EGF) in asthmatic airways obtained by autopsy and lung resection . 8 At the same time , there is an overexpression of EGF receptor on the epithelial cells , bronchial gland cells , and smooth muscle cells in asthmatic airways. 8 These findings were confirmed in the biopsy specimen obtained from asthmatic patients by bronchoscopy. 46 In addition to smooth muscle proliferative activities, EGF has also been demonstrated to have smooth muscle contractile activities. 47 Recently , Holgate and associates proposed the hypothesis that an abnormal interaction between airway α -t h r o mb i n Co n t r a c t i l e A g o n i s t s t r y p t a s e h i s t a mi n e s p h i n g o s i n e 1 -p h o s p h a t e e n d o t h e l i n -1 ( E T -1 ) E x t r a c e l l u l a r Ma t r i x ( E CM) P r o t e i n s s u b s t a n c e P ( S P )
Cy t o k i n e s Gr o wt h F a c t o r s I L -1 β e p i d e r ma l g r o wt h f a c t o r ( E GF ) I L -6 i n s u l i n -l i k e g r o wt h f a c t o r s ( I GF ) t u mo r n e c r o s i s f a c t o r -α ( T NF -α ) p l a t e l e t -d e r i v e d g r o wt h f a c t o r ( P DGF
c o l l a g e n I , I I I , V p h e n y l e p h r i n e f i b r o n e c t i n s e r o t o n i n ( 5 HT ) t e n a s c i n t h r o mb o x a n e A 2 ( T X A 2 ) h y a l u r o n a n l e u k o t r i e n e D4 ( L T D4 ) v e r s i c a n epithelium and mesenchymal cells, called epithelialmesenchymal trophic unit ( EMTU ) , mediated by EGFR system might be an important mechanism of airway remodeling observed in asthma . 46, 48 Transforming growth factor (TGF)-β, known as an growth factor inducing cell differentiation and fibrosis, is also increased in asthmatic airways. 49 In addition, eosinophils, an major player of allergic airway inflammation, have been shown to be a main source of TGF-β . 50 Goldsmith and associates suggested the relation of TGF-β to smooth muscle hypertrophy . 51 TGF-β increased cell size and total protein synthesis, expression of alpha-smooth muscle actin and smooth muscle MHC, formation of actomyosin filaments, and cell shortening to acetylcholine . 51 On the other hand , TGF-β itself or together with fibroblast growth factor 2 ( FGF 2 ) also reported to induced airway smooth muscle hyperplasia or proliferation. 52, 53 As shown in Table 1 , many inflammatory mediators increased in asthmatic airways induce airway smooth muscle proliferation in vitro. Classical mediators , such as histamine, thromboxane, and leukotriene are potent airway smooth muscle constrictors and are potential smooth muscle mitogens. Endothelin-1, a potent smooth muscle mitogen, are increased in BALF from steroid-na ve asthmatics and correlate well with % predicted FEV1. 54 Pro-inflammatory cytokines, such as interluekin-1β, IL-6, and TNF-α are also increased in asthmatic airways and have some evidence to enhance smooth muscle proliferation. [55] [56] [57] Th2 cytokine receptors, such as IL-4 and 13 receptors, are also expressed in airway smooth muscle cells, and IL-13 has been revealed to interfere the reduction in cell stiffness induced by isoproterenol. 58 Another important aspect of interaction between airway inflammation and airway smooth muscle is that airway smooth muscle itself could be a source of mediators of airway inflammation and remodeling .
Recent studies have revealed that airway smooth muscle cells release several mediators including cytokines ( such as GM-CSF , IL-2, -5, -6, -11, -12, -13, IFN-γ), chemokines (such as eotaxin, RANTES, IL-8, MCP-1, -2, -3, TARC), growth factors (PDGF , IGF , SCF, VEGF) and inflammatory mediators in the airways ( PGE2, PLA2) . 59, 60 Therefore , airway smooth muscle cells might be a source of mediators of airway inflammation, and may modulate autocrine proliferative responses.
MECHANISMS OF SMOOTH MUSCLE PROLIF-ERATION INDUCED BY INFLAMMATORY ME-DIATORS
The main intracellular pathways of smooth muscle proliferation by inflammatory mediators have been summarized well in the recent review articles. 32, 42, 61 Figure 1 shows the brief outline of such mechanisms in airway smooth muscle . Mediators classified into growth factors, such as PDGF, EGF and IGF, act via growth factor receptors with intrinsic receptor tyrosine kinase (RTK) activity. Activation of RTK induces p21ras activation and stimulates two parallel signaling pathways, namely, the extracellular signal-regulated kinase ( ERK ) or the phosphatidylinositol 3-kinase (PI3K) pathways. ERK phosphorylates nuclear protein such as cyclin D1 to induce DNA synthesis and cell proliferation. PI3K activation also induced phosphorylation of cylin D1 through activation of the S6 ribosomal kinase (p70 S6K ), Rac1, and PKCζ. Inflammatory mediators such as histamine , thrombaxane-A2 and leukortriene-D4 stimulate G protein-coupled receptors (GPCRs). Stimulation of GPCRs induces degradation of PIP3 into diacylglycerol (DAG) and inositol triphosphate (IP3). DAG activates protein kinase C (PKC), and IP3 induces the release of stored Ca ++ from endoplasmic reticulum (ER). The two stimuli together induce cell proliferation. There is also an evi-F i g . 1 S c h e ma t i c p r e s e n t a t i o n o f s i g n a l t r a n s d u c t i o n me c h a n i s ms r e g u l a ti n g a i r wa y s mo o t h mu s c l e c e l l p r o l i f e r a t i o n t h r o u g h ma j o r t h r e e r e c e p t o r s s y s t e ms ( s e e t e x t ) . dence of link between GPCRs and the activation of p21ras in human airway smooth muscle. 62 Cytokines signal through cell surface glycoprotein receptors that function as oligomeric complexes consisting of typically two to four receptor chains coupled to Src family non-receptor tyrosine kinase , and stimulate p 21 ras pathway . Recent study reported by Krymskaya and associates indicated that Src is a key molecule even in human airway smooth muscle proliferation and migration. 63 In addition, other interactions among these three major pathways are also recognized. 47, 64, 65 
PREVENTION AND TREATMENT OF AIR-WAY SMOOTH MUSCLE REMODELING IN ASTHMA
Strategy to control airway smooth muscle remodeling in asthma has been studied intensively. Recent in vitro experiments revealed that glucocorticoids inhibit some but not all growth factor induced proliferation of airway smooth muscle. 66 Glucocorticoids arrest human airway smooth muscle cells in the G1 phase. They reduce thrombin-stimulated increases in cyclin D1 and also attenuate phosphorylation of retinoblastoma protein , via a pathway either downstream or parallel to the mitogen-activated protein kinase (MAPK) pathway. 66 However, they are not effective to inhibit airway smooth muscle cell mitogenesis in response to RTK-activating mitogens . 42 Another action of glucocorticoids might be an inhibition of chemokine and cytokine secretion induced by inflammatory mediators. In experimental model of asthma, several studies have shown evidences that glucocorticoids may inhibit airway smooth muscle remodeling. We have examined the effect of salbutamol and methylprednisolone ( mPSL ) on airway remodeling induced by continuous exposure of antigen to BrownNorway Rats. MPSL inhibited airway remodeling almost completely, however, mono-therapy with salbutamol worsened airway responsiveness to methacholine and also enhanced airway epithelial remodeling, such as goblet cell hyperplasia. 67 These in vitro and in vivo experimental results suggest possible usefulness of glucocorticoids to regulate airway smooth muscle remodeling in asthma. The important question for pulmonary physicians is whether airway smooth muscle remodeling observed in asthmatic patients could be regulated by inhaled gulcocorticoids . Haatela and associates have done the double blind crossover study to examine the effect of inhaled glucocorticoids (budsonide) and β2-agonist on pulmonary function including peek expiratory flow rate (PEFR). In this study, they compared the improvement of PEFR by budesonide between the group in which budesonide was introduced in the first line and the group in which budesonide was used in the second line, meaning two years delay in the treatment with inhaled glucocorticoids. The improvement of PEFR was significantly attenuated in the subjects with two years delay in the treatment with inhaled glucocortids. 68 Selroose and associates have examined the relation between the duration of asthma symptom before the beginning of inhaled glucocorticoids therapy and the degree of improvement in PEFR and FEV1. 69 They clearly demonstrated the negative correlation between the degree of pulmonary functional improvement and the duration of symptom before the induction of inhaled glucocorticoids. These studies suggest that early intervention with inhaled glucocorticoids may be important to improve pulmonary functions and to control airway remodeling in asthma. Recently, the first results of randomized control trial to examine the effect of early intervention with inhaled glucocorticoids on airway remodeling in adult asthmatics have been published. 70 In this study, after 3 years of treatment, there is a significant improvement in post-bronchodilator FEV1 in adult asthmatics treated with inhaled glucocorticoids compared to those without it. However , in children with asthma, early interventions with inhaled glucocorticoids did not improve post-bronchodilator FEV1, suggesting the lack of inhibitory effect on airway remodeling. Same negative result was obtained in the previous large scale study by the Childhood Asthma Management Program (CAMP) Research Group. 71 In children, airway caliber is getting larger during their growth, and the effect of early intervention might be observed as an attenuation of airway growth . This shows a clear contrast to the adult airways in which constant decline in the caliber is observed during aging. That might be a cause of the difference observed between children and adults asthmatics in early intervention studies. 70, 71 Anti-asthmatics drugs other than inhaled glucocorticoids, such as leukotriene modifiers, theophylline, and β2-agonist ( especially long-acting β-agonist ; LABA) have not studied extensively yet. When considering the mechanisms of airway smooth muscle proliferation, there seems to be a good reason to expect usefulness of these drugs on airway remodeling. In experimental asthma model, there are a few studies demonstrated the suppression of airway remodeling by leukotriene modifiers. 72 Although such experimental models seem to be useful as models of acute allergic airway inflammation, there are fair amount of debates whether these models could be applied for more chronic airway inflammation observed in severe intractable asthma. Further attempts to obtain higher level of clinical evidence for the effectiveness of these anti-asthmatic drugs on airway remodeling, and to develop new strategies to prevent or reverse airway remodeling have been awaited.
